-One workweek of mild sleep restriction adversely impacts sleepiness, performance, and proinflammatory cytokines. Many individuals try to overcome these adverse effects by extending their sleep on weekends. To assess whether extended recovery sleep reverses the effects of mild sleep restriction on sleepiness/alertness, inflammation, and stress hormones, 30 healthy young men and women (mean age Ϯ SD, 24.7 Ϯ 3.5 yr; mean body mass index Ϯ SD, 23.6 Ϯ 2.4 kg/m 2 ) participated in a sleep laboratory experiment of 13 nights [4 baseline nights (8 h/night), followed by 6 sleep restriction nights (6 h/night) and 3 recovery nights (10 h/night)]. Twenty-four-hour profiles of circulating IL-6 and cortisol, objective and subjective daytime sleepiness (Multiple Sleep Latency Test and Stanford Sleepiness Scale), and performance (Psychomotor Vigilance Task) were assessed on days 4 (baseline), 10 (after 1 wk of sleep restriction), and 13 (after 2 nights of recovery sleep). Serial 24-h IL-6 plasma levels increased significantly during sleep restriction and returned to baseline after recovery sleep. Serial 24-h cortisol levels during restriction did not change compared with baseline, but after recovery they were significantly lower. Subjective and objective sleepiness increased significantly after restriction and returned to baseline after recovery. In contrast, performance deteriorated significantly after restriction and did not improve after recovery. Extended recovery sleep over the weekend reverses the impact of one work week of mild sleep restriction on daytime sleepiness, fatigue, and IL-6 levels, reduces cortisol levels, but does not correct performance deficits. The long-term effects of a repeated sleep restriction/sleep recovery weekly cycle in humans remain unknown. recovery sleep; sleep restriction; alertness; cortisol; Il-6 IN MODERN SOCIETIES, increasing work demands and lifestyle changes have resulted in adults sleeping considerably less than the seven hours per night considered to be the average sleep time necessary to sustain optimal daytime functioning (8, 23). Experimental studies in healthy young adults have consistently demonstrated that chronic sleep restriction results in a number of abnormal physiological changes, including increased inflammatory markers (15, 22, 39) and impaired blood glucose regulation (33), which may be the mechanisms through which chronic sleep curtailment may affect health and longevity. A recent U.S. National Sleep Foundation survey showed that about 25% of the population do not get enough sleep during the weekdays due to the work demands, whereas about 40% sleep longer during the weekend trying to "catch up" for the shorter weekdays' sleep duration (23). Although it is commonly believed that sleep loss accumulated during the week can be compensated for by extending sleep over the weekend, it is not known whether recovery sleep adequately reverses the adverse effects of sleep loss. Most studies on the effects of recovery sleep after short-term sleep restriction are focused on psychomotor performance, which appears not to be fully restored by one, two, or three nights of recovery sleep (3, 4, 5, 11). Previous sleep restriction/recovery studies that included both genders have not found significant gender differences in terms of sleep architecture or psychomotor performance responses to the insufficient sleep (4). However, other studies have shown that women may be more resilient to the effects of sleep loss given that one week of mild sleep restriction resulted in elevation of the proinflammatory cytokine TNF␣ only in men (39). Furthermore, women have been shown to be more resilient than men to the sleep-disturbing effects of blood drawing procedures (6).
IN MODERN SOCIETIES, increasing work demands and lifestyle changes have resulted in adults sleeping considerably less than the seven hours per night considered to be the average sleep time necessary to sustain optimal daytime functioning (8, 23) . Experimental studies in healthy young adults have consistently demonstrated that chronic sleep restriction results in a number of abnormal physiological changes, including increased inflammatory markers (15, 22, 39) and impaired blood glucose regulation (33) , which may be the mechanisms through which chronic sleep curtailment may affect health and longevity. A recent U.S. National Sleep Foundation survey showed that about 25% of the population do not get enough sleep during the weekdays due to the work demands, whereas about 40% sleep longer during the weekend trying to "catch up" for the shorter weekdays' sleep duration (23). Although it is commonly believed that sleep loss accumulated during the week can be compensated for by extending sleep over the weekend, it is not known whether recovery sleep adequately reverses the adverse effects of sleep loss. Most studies on the effects of recovery sleep after short-term sleep restriction are focused on psychomotor performance, which appears not to be fully restored by one, two, or three nights of recovery sleep (3, 4, 5, 11) . Previous sleep restriction/recovery studies that included both genders have not found significant gender differences in terms of sleep architecture or psychomotor performance responses to the insufficient sleep (4) . However, other studies have shown that women may be more resilient to the effects of sleep loss given that one week of mild sleep restriction resulted in elevation of the proinflammatory cytokine TNF␣ only in men (39) . Furthermore, women have been shown to be more resilient than men to the sleep-disturbing effects of blood drawing procedures (6) .
A two-hour afternoon nap after one night of total sleep loss decreases sleepiness, increases performance, and causes beneficial changes in cortisol and IL-6 secretion (37) . However, no study to date has assessed the effects of extended sleep following a week of mild sleep restriction on around-the-clock hormone and cytokine secretory profiles in parallel with sleepiness and performance. The aim of this study was to assess objectively the effects of extended "weekend" recovery sleep following "one work week" of mild sleep restriction on sleepiness/alertness, inflammation, and stress hormones.
MATERIALS AND METHODS

Subjects
Thirty normal sleepers (16 men and 14 women), 18 -34 yr of age (mean Ϯ SD, 24.4 Ϯ 3.6 and 25.1 Ϯ 3.3 yr for men and women, respectively) with a body mass index (BMI) of 23.7 Ϯ 2.5 and 23.5 Ϯ 2.0 kg/m 2 for men and women, respectively, were recruited from the community of the greater Harrisburg area and from the medical and technical staff and students of the Milton Hershey Medical Center. They were healthy, physically active but not excessively so, had no sleep complaints or circadian abnormalities, were not taking any medications, and were screened in the sleep laboratory for sleepdisordered breathing, nocturnal myoclonus, or other primary sleep disorders. Also, a battery of clinical tests (including a complete cell blood count, urinalysis, thyroid indexes, electrocardiogram, and urine screen for drug use) was negative for abnormal findings.
Protocol
Each subject participated in a sleep laboratory experiment that lasted 13 days (Table 1) . Adequate sleep time and regular sleep schedules (i.e., habitual betime between 2200 and 2300, habitual sleep duration between 7.5 and 8 h of sleep per night, and no exposure to sleep restriction/recovery sleep pattern) were verified with a sleep log and actigraphy for 2 wk prior to the study while the subjects were screened for drug use. During the first 4 consecutive nights (baseline nights), the subjects were allowed to sleep for 8 h (2230 -0630). During the subsequent 6 nights (sleep restriction nights), the subjects were awakened 2 h earlier (0430). During the next 3 nights (recovery nights), they were allowed to sleep for 10 h (2230 -0830). We chose a 5-day restriction period and a 2-night recovery period to mimic the weeklong work schedule and rest period of a typical worker. Blood sampling was performed for 24 h every hour three times: 1) on the 4th day (the last day of the baseline period), 2) the 10th day following completion of 5-day sleep restriction, and 3) the 13th day following completion of 2 recovery nights. Start time of blood sampling at baseline and restriction was 0800 and for recovery was 0900. Subjects spent the days of blood sampling, i.e., the 4th, the 10th, and the 13th nights of the study, in the laboratory, where they were ambulatory and allowed to watch television, play computer games, go to the bathroom, etc., whereas they were dismissed from the laboratory to their daily activities during the rest of the study days, i.e., following nights 1-3, 5-9, and 11-12, respectively. They were instructed not to nap, to stay on the same diet including no use of caffeinated beverages, and not to deviate from their normal daily routines, including exercise throughout the experiment, which was documented by the daily log that subjects kept throughout the study. Their compliance was assessed by the sleep lab technicians using a daily activities questionnaire following admission to the sleep lab on nights 1-3, 5-9, and 11-12, respectively. To assess compliance of the subjects with the no-nap instructions, the subjects were monitored with actigraphy attached to the wrist of the nondominant hand throughout the experiment. We obtained sleep profiles that did not include sleep measures from the blood drawing nights. In the analysis of the sleep architecture, we calculated baseline sleep by averaging nights 2 and 3, nights 8 and 9 for the restriction period, and nights 11 and 12 for the recovery period, respectively. In 11 of 14 female subjects, all three periods of blood sampling took place during the follicular phase, as evidenced by progesterone levels that were obtained on the 4th, 10th, and 13th days of the experiment. In three female subjects, the last blood sampling period, i.e., the 13th day (following 2 recovery nights), took place in the luteal phase during the recovery period, as evidenced by progesterone levels Ͼ3.3 ng/ml. However, the pattern of changes of sleep architecture and levels of IL-6 and cortisol during the recovery of these three women were similar to the rest of them and were included in the analysis. An indwelling catheter was inserted in the antecubital vein about 30 min before the first blood sample. The catheter was kept patent with small amounts of heparin (the total amount of heparin did not exceed 800 U/24-h period). Hourly IL-6 and cortisol samples were assayed. During the days of blood sampling, objective assessment of daytime alertness/sleepiness was assessed with a standard Multiple Sleep Latency Test (MSLT) procedure six times during the day, whereas performance was assessed with Psychomotor Vigilance Task (PVT) every 2 h. Furthermore, subjective levels of sleepiness were measured with the Stanford Sleepiness Scale (SSS) hourly, during the days of blood drawing. Also, subjects were instructed not to change their diet, and their three daily meals were at about 0830, 1300, and 1800. The protocol was approved by the Institutional Review Board of the Pennsylvania State College of Medicine, and each subject signed a written consent form.
Assessment of Nighttime Sleep
Sleep laboratory recordings were carried out in a sound-attenuated, light-and temperature-controlled room, which had a comfortable bedroom-like atmosphere. Each subject was monitored with EEG, electrooculogram, and electromyogram recordings continuously for 8 h (2230 -0630) during the first 4 nights, for 6 h (2230 -0430) during the subsequent 6 nights, and for 10 h (2230 -0830) during the remaining 3 nights. The sleep schedule in the laboratory at baseline was similar to the subjects' normal sleep schedule. Specifically, the subjects' habitual times to go to bed and rise in the morning were no different than an hour from their sleep schedule in the laboratory. Also, total sleep duration 2 wk prior to the study, based on sleep log and actigraphy, was 7.9 Ϯ 0.1 h and 7.2 Ϯ 0.1 h, respectively. The polysomnographic data recording was accomplished through GrassTelefactor Gamma Sleep Recording and Analysis Software v. 4.2. The sleep records were subsequently visually scored independently of knowledge of the experimental conditions according to standardized criteria (26) . Sleep parameters were assessed from the sleep recordings as previously described (39) .
Assessment of Daytime Sleepiness and Performance
MSLT. At baseline (4th day) and restriction (10th day), the subjects' objective levels of sleepiness were evaluated six times following standard MSLT procedures, i.e., 0900, 1200, 1500, 1700, 1900, and 2100, whereas at recovery (13th day), MSLT was performed at 1000, 1200, 1500, 1700, 1900, and 2100 (28, 37, 39) . Onset of sleep was defined as attaining any sleep stage for a duration of one epoch (30 s) or longer (28) . The MSLT was terminated 20 min after lights-out if there had been no sleep or after two consecutive epochs of stage 2 (28) .
SSS. At baseline (4th day) and restriction (10th day), subjective levels of sleepiness were assessed every hour starting at 0800, whereas at recovery (13th day), sleepiness was assessed starting at 0900 using SSS (17, 37) .
PVT. At baseline (4th day) and restriction (10th day), the subjects' behavioral performance was evaluated from 0800 to 2200 every 2 h using PVT (11) , while at recovery (13th day), PVT was performed every 2 h from 1000 to 2200. Each PVT trial lasted for 10 min, and each subject had three practice trials within an hour the night before the next day's testing. 
PSG, polysomnography; MSLT, Multiple Sleep Latency Test; SSS, Stanford Sleepiness Scale; PVT, Psychomotor Vigilance Task.
Hormone and Cytokine Assays
Cortisol levels were measured by specific radioimmunoassay techniques, and IL-6 was measured by ELISA (R&D Systems, Minneapolis, MN), as previously described (39) . The lower limit of detection for cortisol and IL-6 were 0.7 g/dl and 0.094 pg/ml, respectively.
Statistical Analysis
To assess the effect of 1 wk of mild sleep restriction and 2 days of recovery sleep on cortisol and IL-6 values, linear mixed effects models were used for the repeated-measures analyses. Group (baseline, restriction, and recovery), time (as categorical variable), gender, and their interactions were included as fixed effects in the model. Due to the study design, i.e., unequal time periods between the three phases of the study, the specified covariance structure was Spatial Power (SP). Similar analyses using linear mixed effect modeling were performed to assess the effects of sleep restriction and subsequent recovery sleep on MSLT, SSS, and PVT values. Because IL-6 plasma values are mildly affected by the blood drawing technique, i.e., IL-6 values are higher at the end of the 24-h blood draw than at the beginning (16, 38) , we proceeded with a "detrended" analysis as previously described (36) .
Data are presented as means Ϯ SE for the purpose of group comparisons, except for demographic and anthropometric data (age and BMI), for which we used SD to describe variance.
RESULTS
Sleep at Baseline, After 1 wk of Mild Sleep Restriction, and After 2 Nights of Recovery Sleep
At the end of mild sleep restriction, subjects demonstrated significantly shorter sleep latency (SL), a marginally significantly increased percentage of total sleep time (%ST), and significantly decreased percentage of wake time after sleep onset (%WTASO) ( Table 2 ). In terms of sleep stages, subjects demonstrated increased slow-wave sleep percentage (%SWS) and spent less time in stage 1 sleep (Table 2 ). These changes were reversed during recovery sleep.
Absolute amount of SWS was preserved during both the restriction and recovery periods, whereas both percentage and absolute amount of REM sleep decreased during restriction and increased significantly during recovery (Table 2 ). There were no changes in REM latency throughout the study. Also, at baseline, women had significantly lower amounts of stage 1 (P Ͻ 0.05) and stage 2 (P Ͻ 0.05) sleep and greater amounts of SWS than men in terms of both percentage and absolute amount (P Ͻ 0.01). Interestingly, the responses of SL, %ST, and %REM to sleep restriction were significant or marginally significant in women (baseline minus restriction: 7.79 Ϯ 3.46, P ϭ 0.03; Ϫ2.65 Ϯ 1.40, P ϭ 0.06; 2.95 Ϯ 1.56, P ϭ 0.06, respectively), but not in men, who, however, showed similar nonsignificant trends (baseline minus restriction: 2.67 Ϯ 3.23, P ϭ 0.41; Ϫ0.85 Ϯ 1.31, P ϭ 0.52; 1.44 Ϯ 1.46 P ϭ 0.33, respectively).
Daytime Sleepiness and Performance
Objective sleepiness: MSLT. There was no significant group by gender (P ϭ 0.75) nor gender by time interaction (P ϭ 0.66) effect; thus, data were analyzed for the entire group.
After 1 wk of modest sleep loss, the average daily SL decreased compared with baseline [difference of the mean SL (baseline minus restriction): 3.78 Ϯ 0.91 min, P Ͻ 0.01; Fig. 1] , with the strongest responses observed at 0900 and 1900 h, when sleep latency decreased by 6.70 Ϯ 1.42 min and 4.87 Ϯ 1.42 min, respectively (both P Ͻ 0.01). After 2 recovery nights, the average daily SL increased compared with restriction [difference of the mean SL (restriction minus recovery): 6.29 Ϯ 0.95 min, P Ͻ 0.01]. Interestingly, the average daily SL was longer after 2 recovery nights compared with baseline [difference of the mean SL (baseline minus recovery): Ϫ2.50 Ϯ 0.90 min, P Ͻ 0.01]. Of note also is that, during both baseline and recovery, the shortest SL was observed at 1500, whereas after sleep restriction it was observed at 0900.
Subjective sleepiness: SSS. Neither group by gender nor gender by time interaction effects were observed for SSS. Subjective sleepiness increased after sleep restriction compared with baseline level [difference for the SSS (baseline minus restriction): Ϫ0.96 Ϯ 0.18, P Ͻ 0.01], whereas following recovery sleep it improved even more and was significantly lower than baseline level [difference for the SSS (baseline minus recovery): 0.24 Ϯ 0.12, P ϭ 0.04].
Performance: PVT. Neither group by gender nor gender by time or group by time interaction effects were observed for any of the PVT variables. A significant deterioration of performance in number of lapses, median RT, and fastest 10% RTs per trial was observed after 1 wk of mild sleep restriction compared with baseline (Table 3) . No improvement was observed in any of the variables examined after recovery compared with restriction (Table 3) . 
SWS and neurobehavioral parameters: gender effects.
Increased baseline SWS was associated with a lesser degree of subjective sleepiness after restriction (r ϭ Ϫ0.57, P ϭ 0.03) and greater improvement after recovery (r ϭ 0.54, P ϭ 0.04) in women, but not in men. Similarly, increased baseline SWS tended to be associated with a lesser deterioration in median reaction time (RT) after restriction (r ϭ Ϫ0.44, P ϭ 0.12) and greater improvement after recovery (r ϭ 0.57, P ϭ 0.07) in women, but not in men. No association between baseline SWS and change in objective sleepiness (MSLT) was found after restriction and recovery, respectively.
Effects of Sleep Restriction and Recovery Sleep on 24-h Hormonal/Cytokine Secretory Pattern
24-h Cortisol secretion.
There was no significant gender effect (P ϭ 0.47), neither significant group by gender (P ϭ 0.98) nor gender by time interaction (P ϭ 0.63) effect; thus, data were analyzed for the entire group.
Sleep restriction was not associated with a change in 24-h cortisol levels (baseline minus restriction, 0.37 Ϯ 0.35 g/dl, P ϭ 0.32). Furthermore, after recovery, cortisol levels were significantly lower compared with baseline (restriction minus recovery, 0.37 Ϯ 0.31 g/dl, P ϭ 0.23; baseline minus recovery, 0.75 Ϯ 0.37 g/dl, P ϭ 0.04). Additionally, there was a significant effect in terms of the circadian secretory pattern of the hormone, as indicated by the significant time, and group by time interaction effects (both P Ͻ 0.01). Specifically, at baseline and after recovery, the morning peak cortisol secretion was observed between 0700 and 8000, whereas after sleep restriction it moved 2 h earlier, at 0600 (Fig. 2) . Also, the peak plasma cortisol concentration was significantly lower after sleep restriction than at baseline (baseline minus restriction, 2.52 Ϯ 0.55 g/dl, P Ͻ 0.01) and after recovery sleep than at baseline (baseline minus recovery, 2.98 Ϯ 0.55 g/dl, P Ͻ 0.01), while no difference in cortisol nadir time occurrence or mean values among the three phases was observed (data not shown).
24-h IL-6 secretion. There was no significant gender effect (P ϭ 0.12), neither significant group by gender (P ϭ 0.65) nor gender by time interaction (P ϭ 0.18); thus, data were analyzed for the entire group (Fig. 3) . Sleep restriction was associated with a significant overall increase in 24-h secretion of IL-6 (baseline minus restriction, Ϫ0.90 Ϯ 0.41 pg/ml, P ϭ 0.03), whereas after recovery IL-6 levels decreased significantly and returned to baseline levels (restriction minus recovery, 0.93 Ϯ 0.45 pg/ml, P ϭ 0.04; baseline minus recovery, 0.02 Ϯ 0.34 pg/ml, P ϭ 0.94). 
DISCUSSION
This study is the first to evaluate in a comprehensive way the effects of extended recovery sleep following mild sleep restriction on 24-h secretion of hormones/cytokines in parallel with sleepiness and performance in young men and women. It appears that 2 days of extended recovery sleep over the weekend reverses the impact of one work week of mild sleep curtailment on daytime sleepiness, fatigue, and IL-6 levels and reduced cortisol levels. However, 2 recovery nights were not sufficient to improve performance, suggesting that complete performance recovery following one work week of sleep restriction may require more than 2 days of extended sleep.
A week of mild sleep restriction in this study resulted in a significant rise of 24-h IL-6 plasma levels compared with baseline. Previous studies have shown a significant increase of plasma IL-6 levels following both mild (6 h of sleep per night for 1 wk) (39) and moderate-to-severe (4 h of sleep per night for 12 days) curtailment of sleep (15) and increased monocyte production of IL-6 (20) and levels of IL-6 mRNA (19) in the morning following sleep restriction. The increase of IL-6, a marker of systemic inflammation, has been associated with insulin resistance, cardiovascular events, and osteoporosis (29, 41) . Our study shows that 2 days of extended recovery sleep reverses the adverse effects of short-term sleep loss on the secretion of IL-6, as it is marked by a significant drop in its 24-h plasma levels following 2 days of 10 h of sleep per night compared with the restriction period. A previous study that failed to detect beneficial effects of recovery sleep on the increase of IL-6 production by activated peripheral blood mononuclear cells following sleep restriction may be explained by methodological differences, such as single blood draw and 8 h of sleep during the recovery nights (35) versus 24-h hourly blood drawings and 10 h of sleep per night during the recovery period in this study.
This study shows that recovery sleep slightly reduces cortisol levels compared with baseline. These findings are in agreement with the many studies (40) , including the effect of 2-h daytime nap following one night of total sleep loss (37) , which have shown a mild but significant inhibitory effect of sleep on hypothalamic-pituitary-adrenal (HPA) axis activity. These cumulative findings suggest that sleep, through its inhibitory effect on the HPA axis may serve as an "antistress" antidote in individuals that face the multiple stressors of the modern world. The lack of activation of the HPA axis following 1 wk of mild sleep restriction is consistent with most of the studies that showed no change or decrease in cortisol secretion after a less stressful total or partial sleep deprivation (14, 24, 25, 31, 37, 39, 42, 44) , in contrast to the effect of a more stressful sleep deprivation paradigm that may lead to increased cortisol levels (21, 32 ).
An interesting finding of our study is that daytime sleepiness, as measured with MSLT, following recovery sleep improved compared with baseline levels, suggesting that the young, healthy, normal sleepers in our study may have been chronically sleep deprived (8) . A large epidemiologic study has shown an increased prevalence of EDS in ages younger than 30 yr compared with older groups (7), suggesting voluntary sleep restriction as one of the contributing factors of increased sleepiness in this age group. However, our participants' habitual TST, as evidenced by 2 wk of actigraphy prior to the study, was in the range of 7-9 h and did not differ from their polysomnographically measured baseline sleep duration while their baseline MSLT values were within the normal range. This suggest that group of young subjects in our study did not suffer from chronic sleep debt.
Another noteworthy finding is that 2 nights of extended sleep did not result in performance improvement as measured by PVT, suggesting that 2 nights of extended recovery sleep may not be sufficient to overcome behavioral alertness deficits resulting from mild sleep restriction. Our findings are consistent with several recent experiments reporting incomplete recovery of performance deficits even after 2 or 3 nights of regular or extended sleep post mild to severe restriction of sleep (2, 4, 5, 34) . This may have important implications for people with safety-critical professions, such as health care workers, as well as transportation system employees (drivers, pilots, etc.). Furthermore, the observed dissociation of the effects of extended recovery sleep or daytime naps following sleep loss on MSLT vs. PVT may indicate that, although they correlate significantly, they may be measuring different central nervous system functions (34, 37, 39) .
In this study, women had higher amounts of SWS and REM sleep at baseline than men, which is consistent with previous findings, both experimental (6) and epidemiologic (6, 27) , showing that women have better quality (more SWS and REM sleep) and quantity of sleep (total sleep time). Furthermore, the amount of SWS at baseline was associated with a lesser degree of subjective sleepiness at restriction and greater improvement after recovery. Also, SWS at baseline tended to correlate with lesser deterioration and better improvement in median reaction time in women only. These results are also consistent with previous findings that women appear more resilient to the sleep-disturbing effects of the blood drawing procedures (6) and suffer less performance decrements after a night of sleep loss (43) . These potential gender differences should be explored further in future studies.
The observed changes of sleep restriction and recovery in sleep architecture are consistent with previous findings (1, 5, 10, 34, 39) . During restricted sleep, as reported previously, subjects fell asleep faster and spent more time asleep (39) . Also, SWS was conserved throughout the experimental period, whereas REM sleep decreased during sleep restriction and increased during recovery sleep. The fact that restricted sleep led to significant hormonal/cytokine changes and neurobehavioral decrements, despite preservation of deep sleep (SWS), argues against the position that sleep other than SWS is optional and unnecessary, for example Stage 2 or REM sleep (18, 39) . Finally, that SWS remained stable throughout the experiment, whereas REM sleep decreased during sleep restriction and then was compensated for during the recovery period, suggests a stronger biological drive to retain deep sleep than REM sleep (9) .
One of the limitations of this study was the lack of a control group not exposed to restriction/recovery intervention to determine whether there was a time effect on the studied variables. However, in our study subjects served as their own controls, which reduced between-subjects variability. Additionally, the consistency of our results of the effects of restriction/recovery sleep on performance variables with the findings of several experiments that included control groups (4, 5, 34) suggests that the observed performance deterioration after restriction as well as no improvement after recovery were unlikely to be due to study environment/procedures or test repetition. Also, our study included healthy young men and women subjects with no primary sleep disorders. Future experiments should test whether these findings can be generalized to other age groups of healthy subjects (i.e., middle-aged or older adults). Furthermore, our study cannot address an important question, i.e., what the impact is of repeated cycles of sleep restriction/recovery associated with an intermittent pattern of adverse physiological changes, such as intermittent low-grade inflammation, on health and performance. For example, does the human body retain its ability to clear the system from potentially harmful influences, i.e., IL-6, after it has been challenged repeatedly? Also, could this chronic, intermittent, low inflammation lead to adverse health consequences in a way similar to the effect of intermittent activation of the stress system on the development of psychiatric problems, i.e., chronic recurrent major depression through kindling mechanisms? These critical questions emphasize the need for future prolonged naturalistic field studies in humans. Notably, recent experiments in animals showed that repeated sleep restriction/ recovery cycles resulted in energy deficiency as shown by hyperphagia and significant weight loss and decreased plasma corticosterone and leptin concentrations as a consequence of diminished adiposity (12, 13) . Some of these changes were still present even after a 4-mo-long recuperation period, suggesting that repeated sleep restriction/recovery cycles may have lasting effects, which in turn may increase the likelihood of various diseases (13) .
In summary, 2 days of extended sleep over the weekend reverses the impact of one work week of mild sleep restriction on daytime sleepiness, fatigue, and IL-6 levels and reduces the levels of the stress hormone cortisol. However, it does not improve performance, suggesting that complete performance recovery may require more than just 2 days. Future experimental studies are needed to examine the long-term effects of a repeated sleep restriction/recovery weekly cycle in humans.
